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BBEJIEHUE

B HacTosimee BpeMsi HE CYIIECTBYET BCEOOBEMITIOLICH
TeopeTnueckn  OOOCHOBaHHOW  METOAMKH  pacyera  TOpeJioK.
OOBSCHACTCS 3TO TPYAHOCTHIO KOMIUICKCHBIX PacueTOB IPOIIECCOB
CMEIIEHUS, TOPEHUA U TEIUIOOTAAYM, B3aMHO BIMSAIOIIMX JAPYr Ha
npyra. ITo 3Toi mpu4KMHE TOPENKHU, KaK IPABUIO HE PACCUUTHIBAIOT, a
MONOMPAIOT IO CHPAaBOYHHUKAM, ajdhb0OMaM TPOEKTHBIX OpTaHWU3alri
WJIM NACHOPTHBIM JAHHBIM 3aBOJIOB-U3TOTOBUTEIIEH.

BmecTe ¢ TeM B HpakTHKE BCTPEUYAETCS HEMAJIO CIy4daeB, KOrna
anpoOUPOBaHHBIE TOPEIKH HE MOAXOAAT 10 TETJIOBON MOITHOCTH, BUIY
raza WIM €ro JaBjcHHI0. B 3Tux cilydasx OOBIYHO TPOU3BOIAT
YOPOUICHHBIC PACUCThbl, CBA3AHHBLIC C OIIPCACJICHUEM OCHOBHBIX
pa3MepOB TOPETIOK B 3aBUCUMOCTH OT MECTHBIX YCJIOBHUH. BOJIBIIMHCTBO
OTUX PaCUYCTOB 6a3preTc;1 Ha JAaHHBIX, IMOJTYUYCHHBIX M3 IIPAKTUKU WA

OTACJIbHBIX SKCIICPUMCHTOB.

1. PACUHET 3XXEKIUMOHHBIX 'OPEJIOK HEITOJIHOT'O
I[MPEABAPUTEJIBHOI'O CMEIIEHUW A

OTtn ropenku HauOojee dYacto pabOTAlOT Ha ra3e HHU3KOIO
nasyieHus.. OHYU IIMPOKO MPUMEHSIOTCS B OBITOBBIX Ta30BBIX aIapaTax
M MHOTOYHCIICHHBIX TEIUIOBBIX  YCTAHOBKaxX MNpPEANPUSTHH U
YUPEKICHUH TOPOJCKOTO XO3SIHCTBA.

['openku nOKHEI 00eCIeYHBaTh:

- HEOOXOJMMYIO JUIS aIlmaparoB W YCTAaHOBOK TEIUIOBYIO
MOIITHOCTB;

- IIUPOKUH JMAana3oH PEryJMpoBaHus pacxo/ia rasa;

- YCTOﬁqHBOCTB IIJTaMEHU 663 MMPUMCHCHHA HCKYCCTBECHHBIX
CTabUIN3aTOPOB TOPEHHUS;

- Majlyl0 KOHICHTpaUWIO BPCIHBIX KOMIIOHCHTOB B IPOJAYKTax

CTOpaHMUS.
Pacuernas cxema 3)KEKIIMOHHOM TOPEJKH MPEACTaBIEHA HAa PHLC.
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1.1.

:

hith b ke f \51

Puc. 1.1. PacdeTHas cxema 3KEKIIMOHHOU ropeyiku: 1 - coruio; 2 -
koH(y30p; 3 - ropioBuHa; 4 - nuddy30p; 5 - pacnpeaeaUTeIbHbINH
KOJUIEKTOP; B - OTHEBbIE KaHAJbI; 7 - maiiba peryTupoBaHus
MTOCTYIUIEHUS TIEPBUYHOTO BO3/IyXa.

Pacuer ropenok BKiIOYaeT B ceOs ONpeNeleHHE pa3MepoB
CIIEyIONIMX  KOHCTPYKTHBHBIX  OJJIEMEHTOB:  COIUIA, TOPJIOBUHBI
cMmecuTensi, KoHPy3opa, nuddy3opa, OTHEBBIX KaHAIOB M TabapUTHBIX
pa3MepoB, O00ECHEYHBAIOIINX BO3MOXXHOCTh YCTAHOBKH TODPEIKHA B
3aJJaHHOM TOIIKE.

HcxomHBIMU TAHHBIMU JIJISI pacyeTa sIBISIOTCS
- TeIIoBas MOIIHOCTb TOPeaKu Qr;

- XMMHYECKHUI cocTaB rasa li;

M30BITOYHOE JJABJICHUE Ta3a Iepe]l COIIoM Pr;
- TeMIeparypsl rasa i u Bozayxa ty;
XapaKTepUCTUKH ammapara Wid TEIUIOBOM YCTAaHOBKH, IJsI KOTOPOH

TOpCiiKa paCCUUTHIBACTCA.



[lo yKka3aHHBIM HWCXOIHBIM JaHHBIM OMPEAETSIOT HH3IIYIO
TEIOTy cropanusi Qu M ero IIOTHOCTh Pr, TEOPETUYECKUH PacXo[

BO3yXxa HeoOxoaumoro aiist TopeHust Vp.o

[Tpn pacuere KEKIIMOHHBIX TOPEIIOK HETIOJTHOTO
NpeBapUTEIbHOr0 cMeleHns 00beM raza Vi U ero INIOTHOCTh MOTYT
OTIPENIENIATECS IPH HOPMAIBHBIX (PU3NYECKUX ycloBHsAX. OObsCHIETCS
3TO TEM, YTO AABJIEHHE ra3a Majo OTJIMYACTCS OT aTMOC(HEPHOTo, a €ro
TeMIieparypa s 3UMHETO pacdeTHOrO IepHojga H3MEHSETCs B
npenenax ot 5 go 10 °C. Tlpu Tex e ycnoBUSX C JOMYCTHMOI I
NPaKTHKA TOYHOCTBIO MOTYT OIPENEISATHCS TEOPETHYECKUH pPacxo
BO3/yXa U €ro INIOTHOCTb. [IpH pacdere ropeinok MO>KHO HE YUUTHIBATH
coJepKaHWE B Ta3e M BO3JyXE BOJASHBIX NApOB, TaK KaK OHO OYEHb
MaJIO BIIHSIET Ha 00bEM, IIIOTHOCTh M TEIUIOTY CrOpaHHs Tra3a.

Pacxon rasa V., M%4 onpenensercs:

-J1JI1 BOJIOTPENHBIX KOTJIOB

_3600%Q
" Qu*T*q (1.1)
-IJI TAPOBBIX KOTJIOB
_ D * (il B iz)
L =—1 27
Qu *N=*n (1.2)
- JIJI TIeuen
~ 3600 *Q
" (QH *q(]ma’)* N *771 (13)

rae Q - HoMHHAIbHAS TEIUIOMPOU3BOIUTEIIBHOCTh YCTaHOBKH, KBT; Qu
- HM3IIAs TEIIoTa cropanus rasa, kJLx/m>; N - 4MCIIO IPHHEMAEMBIX K
ycraHoBke ropenok; m - KIIJ ycranoBku; D - kommuecTBO
BBIPAO0OTaHHOTO KOTJIOM T1apa, Kr/d; i1 - SHTanbmus mapa, KJDK/Kr; iz -
SHTAJBINS TUTATEIBHON BOJBI, KJK/KT; Ogus - (PU3MHYECKas TEruora
HarpeToro Bosayxa, kJDk/M3, M1 - KO3(Q(HUIMEHT OTBOJA TEILIOTHI B
pabodeM MpPOCTPaHCTBE MEYH.

BenmuunHa M1 ¢ J0CTAaTOYHBIM TPUOIMKEHHEM MOXKET OBITh
ompezerneHa 1mo Gopmysie
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m=1- Iﬂ
Iy (1.4)
e iyx - SHTAIBIOMS YXOAAIMX ra3oB, KJ[x/M% ir - sHTaNBNMA IPOMYK-
TOB CrOpaHus IPH TEOPETHYECKOMN TeMIiepaType ropenus, kJhx/m>,
I/I36BITOLIHOG JOaBJICHUC Trasa Pr, Ha, nepe)l COIIIIOM FOpCHKI/I
OMpEACIACTCA Ha OCHOBAHUU I'MAPABINYCCKOTO pacyeTa ra3ornpoBOJ0B.
BMeCTe C TEM OJIA O6GCH6“ICHI/I$I HH/IpOKOFO anuaria3oHa perHI/IpOBaHI/IH

pacxoja rasa OHO JOJDKHO OBITh HE MEHee ONpeesieMoro 1o Gpopmyiie

100 (1.5)

Teoperuueckasi CKOPOCTh UCTEUCHHUS ra3a U3 coruia Wy M/C, Ipu

PF

Hu3koM (mo 5 «klla) paBmeHuM paccuuTBIBacTCS 10 (opMmysie

TUApPaBJIUKHU, HE y‘IHTBIB&IOH.I@ﬁ N3MCHCHUC IIJIOTHOCTH Ia3a

2% P,

WF
Pr (1.6)

[lnomans ceuenus comna fi M2, u ero mmamerp di, M,

oTpeIeIAoTes 1o GopMyam

— VF
' 3600%m=w,. w7
4 f
d, =, —*
4 (1.8)
riue m - Koa(b(bnuneHT pacxona, YUHUTBIBAOIIHIA

HEPABHOMEPHOCTH PacHpe/IeNIeHUs] CKOPOCTEH MOTOKA ra3a 1o CEYCHUI0
coIuIa, CONPOTHUBIIEHUE TPEHUS B HEM U CKATHUE CTPYH.

Koadduuent pacxona 3aBUCUT OT (OPMBI COILUIA. 3HAYCHHUS
ko3¢ uIMeHTa pacxoja Uil Pa3InYHbIX (OPM COIEeNl NPUBEICHBI B
npui. 1.

Huamerp ropia cmecurens Os, M, ONpeaeNnseTcss U3 ypaBHEHHUS,
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BBIpA@XarIIEro 3aKOH COXpaHCHHUA KOJIUMYCCTBa ABHMXKCHHUA IIPpU

CMEIICHNHU ABYX Ira3oB

P

dy=dy* [(Q+a *V, ) x| 1+a, #V,, *
‘ (1.9
Ananmu3 ¢gopmynsl (1.9) mokaspiBaer, 4YTO O OH AJSL JAHHOTO
BUJA Ta3a 3aBUCHUT TOJNBKO OT COOTHOILEHHS AMaMETpa IOPJOBHUHBI U
IUaMeTpa coIUla U HE 3aBHUCHT OT JABJICHUS KEKTHUPYIOLIETo TIasa.
Otcroma ciemyer, YTO 3KEKUUOHHBIE TOPEIKH O00eCleunBaloT
MIOCTOSIHCTBO COOTHOILICHHUS Ta3a M BO3IyXa B CMECH HE3aBUCHMO OT
M3MEHEHUS pacxoja rasa, KOTOpbli sABiseTcs (GyHKIMEH ero AaBiIeHuUs.
Jnsi  3KeKUMOHHBIX TOPEJIOK HEMOJHOI0 IpPeIBapUTEIbHOTO
cMmenieHnsT K03 pumreHT n30bITKa MEPBHYHOTO BO3AyXa €H MOIDKEH
NPUHUMATECSL TaKUM, YTOOBI HE MPOUCXOAWIO IPOCKOKA IUIAMEHHU
BHYTPb CMECHTENIl NPH MUHUMAaJbHO HEOOXOAWMOM pacxone Trasa.
OnHOBPEMEHHO 3HAYEHHE O OH JOJDKHO OBITH OOJIBIIE TaKoro, HpH
KOTOPOM BO3MOXKHO OOpa30BaHUE >KENTHIX S3BIKOB IUIAMEHH, T.€.
BO3MOXEH XHMHUYECKMH Henoxor. Mcxons M3 3TOro OIpencisroTcs

rpaHUYHbIe 3HaYeHUS KO PUIEHTa N30BITKA IEPBUYIHOTO BO3IyXa.

MAKC 100 1
(04

= ——1 k —

1 B
L Vio (1.10)

rac LB- BerHI/Iﬁ npeaci BOCINIaMCHACMOCTHU Ira30B, %

MUH n 0.25
a, =0,75%* m, + Z *d,
(1.11)
rjie My - YUCII0 YIIIEPOIHBIX aTOMOB B MOJIEKYJIE€ HITH CPEIHEE UX YUCIIO
B CIIOXKHOM Tase; Ny - TO K€, BOJOPOAHBIX aToMOB; Oo - auamerp
OrHEBBIX KaHAJIOB HA KOJIJIEKTOPE TOPEIIKH, M.
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)
2 (L12)

., *r,)
2.(r) (1.13)

3Hauenune ko3 durrenTa n30pITKA MEPBUIHOTO BO3AYXa TOKHO

ng =

HaXOJUTCSA MEKAY YKa3aHHbIMU IPeAeIaMu.

JuaMeTp OrHEBBIX KaHAIOB Uil  TEIUIOBBIX  arperaros
MomHocTho 10 0,1 MBT pekoMeHnnyercs npuHuMaTs B npeaenax 1,0 -
2,0 MM, a IS arperaToB OONBIIEH MOIIHOCTH - 3 10 6 MM.

Huamerpsl koHbpy3opa O, u muddysopa ds npuHEMAIOTCS
IPUMEPHO OIHHAKOBBIMH

d, =d, =(2.0..2.2)*d, (1.14)

Jlnnna koHdYy30pa 1 TOPIOBHHBI CMECUTEIISI OIPEACIISIIOTCS

|, =(1.3..1.5)=d,

(1.15)
l, =(2.5...3.5)*d, (1.16)
ITepexon KOHHUYECKOHN IIOBEPXHOCTHU KoH(]Yy30pa B

MUIMHAPUYCCKYIO T'OPJIOBUHBI IJIA JIMUTBIX cMecuTenei PEKOMEHAYETCHA

BBITIOJIHATD 110 JyT'€ OKPYKHOCTH paauyca

R=(3.0...5.0)*d,

(1.17)
Imuna muddysopa cmecutens ls M, onpenenseTcs
d,-d
l,=——2- (1.18)

o
2xtg| —
*g(zj

rae O - yroa pacumpenust auddys3opa, IpuHUMaeMblil 11 obecrede-
HUS O€30TPHIBHOCTH MOTOKA Ta30BO3AYIITHOW CMECH B MIpeaeiax
6-8°.

C}/MMapHaSI miomanab OTHEBBIX KaHaJIOB KOJUIEKTOpa, M2,

oTpeIeIseTCs



vV, V, *(l+a, *V,,)
f )= CM _ Ve 1 B.O
2.(fo) (3600w, ) 3600 * W,

(1.19)
r/ie Wo- CKOPOCTh BBITCKAHMS Ta30BO3YIIHOW CMECH M3 OTHEBBIX Ka-
HAaJIOB M/C.

Bennunna W, TpUHUMAETCS TaKOW, YTOOBI HE MPOUCXOIUIIO
OTpHIBa IUIAMEHH. DTa CKOPOCTDb UIS MPHPOAHBIX T'a30B JOJDKHA OBITH
HECKOJIbKO MEHbIIIE, YeM orpeaessemMas o Gopmyiie

W, <3,6%10 2 #d, *T2 *(1+V,,)*[1+a, *V,,)

rae T - abcooTHas TeMIeparypa ra3oBo3ayuHon cmecu, °K.
UmHCI0 OrHEBBIX KAHAIOB HA KOJUIEKTOPE ONPEeNAeTCs

2(f,)

(1.20)

n=
f, (1.21)
rae f, - womans ogHOro OrHEBOro KaHaa, M2,
T d,’
° 4000000 (1.22)

OrHeBble KaHABI HA KOJUIEKTOPE TOPETIKU OOBIYHO pa3MeIaroTCs
B OJIMH WJIM JIBa PsiAa, B MOCIEAHEM CIy4ae - B MIAXMaTHOM ITOPSIIIKE.
[Ipy omHOPSAHOM pACMONOXKEHHH KaHAJOB MHUHUMAallbHAs JUIMHA
KoJutekTopa |, M, onpeensercs

|, =(n—1)*S+2%S

a IpU IBYXPSTHOM
I = (n—l)*(%j+2*8

rae S - mar MCXKAY OCSAMHU OI'HEBBIX KaHAJIOB, M.

(1.23)

(1.24)

Ml obecnieueHus: ObICTPOTO PacPOCTPAHECHHUS TUIAMEHH 110 BCEM
KaHaJlaM ¥ MPEJOTBPAIICHUS CIUMSHUSA OTACTbHBIX (haKeIOB MPUHSATHINA
mar MEXIAYy OCIMH KaHaJlOB JOJDKCH YKIAaJAbIBATHCA B MIPEACIIbI,
ompejieNieHHbIe dKkcmepumMenTanbao. Ipu a1 = 0,6 u do = 2,0 - 6,0 Mm

PEKOMEHIyeTCsI

S=(24..2.8)*d, (1.25)
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Jnst 3Toi e 1enu pacCTOSHHE MEXAY OCSIMU PSJIOB KaHAJIOB
JOTKHO OBITH B 2,0 - 2,5 paza 0oJbIlie pacCTOSHAS MEXTy KaHaJIaMH.

ITpu BBHIOOpE TITyOHHBI OTHEBBIX KaHAIOB |, CrieayeT ucxomuTs u3
TOTO, YTO €€ YBEJINYCHHE CIOCOOCTBYET YCTOMYMBOCTH TOPEHHS B
OTHOIIEHWH TMPOCKOKa TIamMeHd. OOBICHIETCS 3TO OXJIAXKTAIOIIUM
JICHCTBUEM CTEHOK KaHAJIOB M, KaK CJICJCTBUE, YMEHBIIICHUEM CKOPOCTH
pacripocTpaHEeHUs IUIAMEHH B Ta30BO3IYNIHOW cMecu. Bmecre ¢ Tem
ype3MepHas TIyOMHA TMPUBOJUT K YBEIWYCHUIO COMPOTHBIICHUS
TPEHHS, YTO MOXET OBbITh NPUYMHOW YMEHBIICHUS KO3 UIIMEHTA
KEKIUH MEPBUYHOTO Bo3ayxa. KpoMe Toro, upe3mMepHOe yBEIUYCHUE
FJ'Iy6I/IHbI KaHaJIOB MNPUBOAUT K CO3JaHUIO MNPUIIOAHATBIX KaHalloB,
OCITOKHSIOIINX U3TOTOBIIEHUE TOPENOK.

[lo skcmepuMeHTanbHBIM JAaHHBIM TIYOWHY KaHAJIOB CIEIyeT

IIpUHUMATDH

l, =(1.5...2.0)*d, (1.26)

bonpmas rimyOnHa OIDKHA NMPUHUMATHCS, IS OBICTPOTOPSIINX
ra30oB M B T€X CIy4asix, KOTaa ai OJIM30K K eMHHMIIE.

['a30BbIE TOpENKH MOJDKHBI pa3MelIaThCs B TOIKE TaK, 4TOOBI
KOHYCHBIII ~ (pOHT  IUIAMEHM HE  OMBIBAI  TEIUIOOOMEHHBIX
HOBEPXHOCTEH, T.K. 3TO MPUBOAUT K BBIXOJYy UX U3 CTPOS H MOSIBICHUIO
B IIPOIYKTaX CrOPaHUsi KOMIIOHEHTOB XUMHYECKOT'O HEI0KOTa.

Bricota koHycHOro ¢ponTta miamenu, h, MM, MOXeT OBITH C
JOCTaTOYHBIM ~ NPUOIMKEHHEM  OINpeAeleHa 10  Clieayrouiei
IMITUPHYECKO hopmyIie

h=785%k*d, *y 127)

rae K - ko3¢ dunmenT, 3aBucsmii oT Bua ra3a u kodddurmenra

M30bITKa MEPBUYHOTO BO3/IyXa B CMECH; Y - OTHOIIEHHE DPacUeTHOH
Y/IETBHOM TEIJIOBOM HArpy3Ku K HOMMHAIBHOM, paBHON 17 KJ/(MM? «

q).
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4*Vr *QH
171000000+ m 7 *d, (1.28)

3uauyenuns kodhurmenTa K mpuBeaeHs! B IpuiL. 2.

y:

[pumep 1. Paccuurtarh  KOHCTPYKTUBHBIC  pa3Mepbl
ra3oropejoYHoro YCTPOWCTBA ISl TETIOBOTO arperara MOIMHOCTHIO 23
kBT ¢ koad¢umuenrom monesHoro peiicteus 0,85. K arperary
nosaeTcs mpupoaHbid ra3 gaBinenneM 1000 Ila cmemyromero cocrasa:
MeTtaH - 95 %, atan - 2 %, mpoman - 0,5 %, azor -1,5 %, muokcung
yraepoaa - 1 %.

Io popMynam aJAUTUBHOCTH OMPEIEIISIEM INIOTHOCTh M HU3IIYIO

TCIUIOTY CropaHud ra3a

P, =0,717%0,95+1,356 * 0,02 + 2,004 * 0,005 +1,977 * 0,01 = 0,757x2/ m°

Q, =35760%0.95+ 63650 *0.02 + 91140 * 0.005 = 35700,7x/Jorc/ m°

Pacxop rasa onpenensiercs o gopmyiie (1,1)

_ 3600%23
" 35700,7 *1%0,85
OHpeILeIISIeM MHWHHUMAJIBHOC JaBJICHUEC T'a3a r[epez[ FOpGJ‘IKOﬁ 10

dopmyie (1.5)
0,27 %35700,7
Pp=————

=27290° [y

+40=136,411a

QakTHUecKkoe JaBlieHHWE ra3a [Mepel TOpenKoi  Oosblie
MUHUMAIILHOTO HE00XO0IUMOTO.
Teoperuueckass CKOpPOCTb  HMCTEUEHHMsS rasa M3  COIIa

omnpenenseTcs no popmye (1.6)

W, = M =5140m/c
0,757
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[Tnomans cedeHHWs colula M €ro JUAMETp ONpenessieTcs I10
¢dopmynam (1.7 u 1.8). K ycraHoBke mpuHuMaeM coruto Tuma "0" ¢

ko3¢ urmentom pacxoma m = 0,70.

2.729

= — 0.00002107 4.
3600 0.70 *51.40
g, - \/4*0.00002107 — 0.0052.
3.14

KomuuectBo BO3aYyXa, TCOPETUICCKHU HCO6XOILI/IMO€ JJIA
C)KUranusga rasa OIpeacsaeTCd Ha OCHOBAaHUU ypaBHeHI/II\/'I ropeHud

ra3oB, BXOJAIIUX C COCTaB CMECHU

V,, =4,76%(2%0,95+35%0,02+50%0,005) = 9,496 / 1°

Bepxumii mpenen B3pBIBAEMOCTH Ta30BOW cMecH 0e3 yueTa
Oaiacrta onpenensiercs mo Gopmyie

Lo (k) 095+0,02+0,005

o r ) 095 002 0,005
i + +

)3 7| 150 125 95

=14,895%

C yuerom Oamracta BEepXHHM Tpenenl  B3PbIBAEMOCTH
omnpezaensercs

{1+ (166)} +100 {1+ (108%525)} +100
Lo =L o = 14806 o= 15219%
100+L,," *| —— 100 +14,895%|
(1-6) (L-0,025)

VYrieponHoe M BOAOPOJHOE YHCIA OMIPENENSIOTCS B COOTBETCTBHU C
dopmynamu (1.12 u 1.13)
~1%0.95+2%0.02+3*0.005+1+0.01

m, =1.031
0.95+0.02+0.005+0.01
n, = 4+095+6+%0,02+8=*0,005 — 4,062
0,95+ 0,02 + 0,005

MakcuManbHOe 3HaueHue Kod(pQHIMeHTa M30bITKa MEPBUYHOTO
BO3/yXa onpezaensiercs u3 ypasHenus (1 J10O)
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a0 [ 20 _q)i 1 _ose7
15219 ) 9,49

MuHuManpHOe 3Ha4eHHe ouoW HaxoamM u3 ypaBHenms (1.11),
NpUHAMAsS AUAMETPhl OTHEBBIX KaHAJIOB B KOJUIEKTOpE TOpenku Oo = 2
MM.

0,5
alMHH —=0,75%* {1’031_’_ (&462)} * 0,00200,25 =0,227

Jis naneHeiiero pacuera npuaumaem oy = 0,50.
Jluametp TOPJOBHHBI CMECHUTENsI ompenensercss no (dopmyie
(1.9).

d, =0.0052 * \/(1+ 0.5 9.496){1+ 0.5%9.496 * [ éigiﬂ =0.038x

B cootBerctBun ¢ gopmymnoii (1.14) nuamerpsl koHdy3opa u audpdy-
30pa

d,=d, =2.0%0.038 =0.076m

Jmaa xordy3opa onpexnensercs mo Gpopmye (1.15)

I, =1.3%0.038 = 0.049.m

a JJTMHA TopJIOBUHBI TI0 opmydie (1.16)

I, =2.5%0.038 = 0.095m

Paamnyc mepexoma KOHUYECKOW 4acTH KOH(Y30pa B TOPIOBHHY B
cootBercTBHU ¢ hopmyroit (1.17) onpenensercs

R=3.0%0.038 =0.114m

[Mpunumas yron pacmmpenus auddysopa paBHbiM 8§ ° 10

dopmyie (1.18) onpenensiem muny nuddysopa
0.076 —0.038
=———=0.272m

I4
8
2*tq| —
*g[zj

CKOpOCTh HCTEYEHHS Ta30BO3AYIIHON CMECH W3 OTHEBBIX
KaHaJoB HaxonmuTcs mo ypaBHeHuio (1.20) mpm TemmepaType cmecH,

paBHoit 20 rpagycam Llenscus

W, =3.6 %107 %0002 * 273+ 20)" * (1+ 9.496)* (1 + 0.5 9.496)=37.291u/ ¢

14



CYMMapHa}I Iiomanab OrHECBBIX KaHaJIOB HAXOAUTCA B COOTBCTCTBHUH C

(1.19)
3 (f,)= 2.729%(1+0.5%9.496) _ 0.000117 1.2

3600 *37.291
[Tnomans OAHOrO OrHEBOrO KaHAla HaXOIHWTCS W3 BBIPAKCHUSI

(1.22)
fO

_ 314200022 _ o000

KonuuecTBO OTHEBBIX OTBEPCTHIA, ONPEACICHHOE W3 (POPMYJIbI
(1.21), cocraBnser

0000117

n=——=239,00
0.000003

[IpuHMMaeM KoM4YecTBO OTBEpCTUi paBHOE 39.
[Iar Mex 1y OTBEPCTUAMU HaxoauTcs 1o Gopmyde (1.25)

S =2.4+%0.002 =0.0048m
IIpy OnHOpPAIHOM paCIOIOKEHUM OTBEPCTUM MHMHHMAJIbHAS

JUTMHA KOJIJIEKTOopa B cooTBeTCTBHH ¢ (1.23) cocraBnsieT

|, =0,002+0,0048 % (39 —1) = 0,184.x

['myOnHa kaHAIIOB B COOTBETCTBHUH C BhIpakeHueM (1.25)

I, =1.5%0.002 = 0.003m

OTHolIeHne pacueTHOW yNEeIbHOM TEIUIOBOW HAarpy3skh K

HOMUHAJIBHOU B cooTBeTCTBHH ¢ (1.27) cocTaBisieT

4%2,729%35700,7
y= = 46,78
17 +1000000 39 * 3,14 + 0,002

Jns mpupopHoro raza mpu Kod(pQHUIMEeHTe H30BITKAa BO3IyXa,

paBHom 0,5 3nauenue kodddurmenta k = 0,6.
BricoTa rmuiamMeHu B COOTBETCTBUM ¢ BhIpaxkeHneM (1.26) coctaBusieT

h =785%0.6*+0.002 * 46.78 = 44.09mm

10



2. 9)KEKIIMOHHBLIE I'OPEJIKHU ITOJIHOI'O
[NPEJABAPUTEJIbBHOI' OCMEIIEHMA

Hanbomee wacto 3TH ropenkm pabOTalOT Ha Ta3e CPETHETO
nasieHus. OHM TIpeAHA3HAUYCHBI JUIS CXKHUTCaHUs Ta3a B KOTJAaX,
MIPOMBIIIUIEHHBIX TeYaX, CYIIMIKAaX U IPYTHX TEIJIOBBIX YCTaHOBKAX.

Pacuernas cxema 3)KCKIII/IOHHOﬁ TOPCJIKA NPEACTaBJICHA HAa PUC. 2.1.

A
() T
1T

l

[\

Puc. 2.1. PacueTHas cxeMa 3KEKIHOHHOU FOPEIKU
1 - como; 2 - koH(Yy30p; 3 - ropyioBuHa; 4 - muddy3op; S -
OTHEBOM HACaAOK; 6 - KEpaMUUECKUI LIUIMHIPUYECKUIMA

CTaOMIIM3UPYIOIIUI TOHHENB; 7 -I1aii0a peryIupoBaHus BO3AyXa.

PaboTa »keKTOpoB CpeHero NaBiIeHHs HE OTIHYaeTCS OT paboThI
KEKTOPOB HHU3KOTO naBiieHus. Kak B TeX, Tak UM B IPYyTUX PacueTHOE
JaBJICHHE Ta3a MPH BBIXOJE M3 COIUIa paBHsETCsS arMoc(hepHOMY, T.e.
JABJICHHUIO JKEKTUpyeMoro Bozayxa. OJHaKO, COTJIACHO 3aKOHY
WCTEUYCHUS JTAaBJIICHHUE ITPU BBIXOJE U3 OTBEPCTHUS COXPAHIET IOCTOSHHOE
3Ha4YeHHe, pPaBHOE aTMOC(PepHOMY [0 TeX TMOp, TOKa OTHOIICHHE
Ha4YaJIPHOTO J1aBlieHUs P1 mepes comioM K KoHeTHOMY P2 Ha BBIXOJE 13

COIlIa HC MPEBBIIACT KPUTUYCCKOI'O0 3HAUCHUA BKP, T.C. IIpU YCJIOBUH,
Koraa

16



(2.2)

Jnst npupomHbIX Ta3oB By, = 1,9. T.K. BennunHa abCOIIOTHOTO
atmocdepHoro nasienus P, = 0,1 MIla, To kputndeckoe 3HadeHue Py =
1,9 MIla.

JJ1 CKVMKEHHBIX YTIIEBOJOPOTHBIX Ta30B KPUTHIECKOE 3HAUCHHE
P1=0,174 MIla.

DopMyIia TEOPETUYECKON CKOPOCTH UCTEUEHHUS raza U3 coIuia

P
w, = |-+
Pr (2.2)

MOXET TPUMEHSATCS JUIS 3KEKTOPOB CPEIHEro JaBICHUS C
JIOIYCTHMOM I MPAKTUKA TOYHOCTHIO MPHU HAYAIBHOM JABJICHUH IO
10 kIla. Ilpu Oosiee BBICOKOM JaBJICHHM, HO HE IMPEBBIIIAIOIIEM IS
npupomHoro  raza 90  klla, HeoOXoAMMO  HCIOIB30BATh
TEPMOJMHAMHUYECKUE (POPMYIIBI aI1a0aTUYECKOTO UCTCUCHUS

NS

W, = 2 % K *i* 1-| —=
k-1 p, R
(2.3)
(k-2)
p,)
W, = [2% *R#T *|1-| —=
- P,
(2.4)

rae: K - mokasarens aguabatel; P1 - aOCOTIOTHOE JaBJIeHHEe ra3a mepen
corutom, Ila; P, - aGconroTHOE faBiieHue ra3a Ha BRIXOJE U3 corua, [la;
pr - IUIOTHOCTH rasa Ipu jgabjieHun Pi, kr/M®; R - ynenbHas razosas
nocrosiHHast, kJ[x/(kr«K); Ti - aOcomoTHas TemmepaTypa rasza nepen
corioM, °K.

[Tokazarenp agwabaThl sl MPUPOAHOTO Taza cocrasiser 1,3, a

JUTSL CKMDKEHHBIX YTIIEBOJIOPOIHBIX Ta30B -1,13.

17



[lnomans cedenus comna fi M2, u ero mmamerp di, M,

onpezenstorcs o popmynam (1.4 u 1.5)

JlnameTtp TOpJOBHHBI cMecuTessi (3 B TOMKax ¢ arMoC(epHbIM
naBieHueM win paspexenueM 1o 30 [a onpenensercs npu o = 1,02 -
1,05 mo gopmye

d, =d, *\/(1"'“1 *VB.O)*|:1+(Z1 *Vio *(&J}

Pr
(2.5)
Hns Ttonok ¢ mpormBomaBieHueM Jjgo 30 Ila  dopmyna
BHIOM3MEHAETCS 3a CYeT BBeAcHMs B Hee Kodpdumuenra ¢,

YUYUTBIBAOIICTO COIMMPOTUBJIICHUC CMCCUTCIIA

d, =d, *\/(1+ a *vB_O){n a, ¥V, , *[&ﬂ *(L+ &)
Pr 2.6)
rne € =0,1-0,12,
OcTanbHble pasMephl TOPENOK ONPENENSIOTCA 10 CIIEAYIOIUM

COOTHOIICHHAM, IIOJIYUYCHHBIM B PE3YyJIbTATC JSKCICPUMCHTAJIBHBIX

HCCIEIOBAHUM:
Huametp koHby30pa
d, =(1.7..2.0)xd, 2.7)
Huamerp nuddysopa
d, =(15..1.7)*d, (2.8)

I[I/IaMeTp OI'HEBOI'O HacaJKa

d, =(1.07...1.10)*d, (2.9)

uameTp ToHHENS

d, =(2.3..2.5)*d, (2.10)

18



Hnuna koudysopa

|, =(15..1.7)*d,

(2.11)
JlyiiHA TOPIOBUHEI
l, =(3.0..4.0)*d, (2.12)
Jimna nuddyzopa
| = d4 - ds
=
2*1g (Qj
2 (2.13)
JlmrHA OrHEBOrO HacaaKa
l, = (1.2..1.7)d, (2.14)
MunumainbHas JJINHA TOHHEJIA
| sy = 2,5% s (2.16)

Hpumep 2. OnpenenuTs KOHCTPYKTUBHBIE pPa3MeEpbl ra30BOU
TOPEJKH TOJHOTO NPEABAPUTENHLHOTO CMEHICHHUS, YCTaHOBICHHON Ha
TEIIoBOM arperate momHocThio 0,75 MBT. KoaddunuenT nosnesHoro
neiictBus arperata - 82 %. M30pITouHOE MaBiIeHHME Trasza Iepen
rapenkoid - 65 kIla. CocraB raza aHajOrM4yeH, HCIIOJIB3YEMOMY B

npumepe 1.
Pacxop raza onpenensiercs o gopmyite (1.1)

~3600+0,75+1000
35700

IInorHocTs raza npu €ro JdaBJICHUU TICpEa  TOop €JIKOM

vV, =9223x%u

OMpPEACIACTCA U3 YPABHCHUA I'a30BOI'0 COCTOAHUSA UACATIbHBIX I'a30B

Pr=pPr* B = (101300 - 65000) =1.243ke/ m®
P, 101300

CKOpOCTI) HUCTCUCHUA T'a3da M3 COIlIa HAaXOAWUTCA U3 YpPaBHCHUSA

(2.3)
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W, =

13 166300 101300) " 72
™ x * 1—[ j =354,03m/c

13-1 1243 166300

[Mnomanp ceyeHHs cOMIa M €ro JUaMeTp OMpeAessieTcs o
¢dopmynam (1.4 u 1.5). K ycranoBke mpuHHMaem cormio tuma "0" ¢
koadduimentom pacxoma m = 0,70.

= 2B _0001034n
3600070 *354.03

d, = f4*0.0001034 —0,01148x
314

JluameTp ropsoBUHBI ropeliku paboTaroined ¢ ko3 UiIueHTOM

n30bITKA BO3AyXa 01 - 1,02 mpH yCTaHOBKE €€ B TOINKE C pa3pekeHUEM
ompenenseTcs npu no Gopmyne (2.5)

d, =0.01148 = \/(1+1.02 * 9.496)* {1+1.02 * 9,496 * (%ﬂ =0.157m

OcrainbHble pa3Mepbl onpeaesstoTes mo popmyiam (2.7 - 2.15).
Huametp koHpy3opa

d, =1.7%0.157 =0.267m
Huamertp muddysopa

d, =1.5%0.157 = 0.236.
JlnameTp OrHeBOro Hacajaka
d; =1.07*0.157 = 0.168m
uameTp ToHHENS

d, =2,3%0,168 = 0,3864.m
Hnuna koHpysopa

|, =1.5%0.157 = 0.236.
JlnvHa ropaoBUHBI

I, =3.0%0.157 =0.471m
20



Hnuna nuddyszopa
~0.236-0.17

L,
8
2%tg
92

= 0.565u

JnvHa oraeBoro Hacaaka

I, =1.2%0.157 = 0.188m

MuHuManabHas AJIMHA TOHHEIS

| o = 2,5%0,188 = 0,470
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3. PACYET I'OPEJIOK C [TPUHY AUTEJILHOM TTOJIAYEN
BO3JIYXA

Bozgymaeiii  TpakT TypOyNEHTHBIX TOpPEIOK COCTOMT U3
3aKpY4YMBAIOIIET0 YCTPOMCTBA M LWIMHAPUYECKOrO KaHajla, IIo
KOTOpPOMY BO3IyX mojaeTrcs B amOpasypy ropenku. ['a3 moctymaer B
KaHaJ B BUJI€ TOHKHX CTPYH U IepeceKaeT ABHKYLIUICS MOTOK BO3yXa
B MOINEPEYHOM HamnpasieHuH. CylecTBYIOT TOPEJKHU ¢ nepudepuitHon
W IICHTpalbHOW mojauedl ras3a. [lepBrle oOecreUMBAIOT JTydIlice
CMCHICHUE ra3a C BO3AYXOM M YMCHBUICHUEC IOTECPL OT XMMHUYCCKOI'O
HEO0KO0ra, BTOPLIC ITPOLIC TP U3TOTOBJICHUU U PEMOHTC.

CymecTByromas METoJIMKa pacuera TypOyJIEeHTHBIX TOPEIOK CO
CTpYHHOH Mojaudel rasa Mo3BOJISIET ONPEICNSTh CIEAYIOUIUE Pa3Mephl
3JIEMEHTOB FOPEJIKU U PEKUMHBIE TAPAMETPHL:

- pa3Mepbl YIUTKH U LWIMHAPUYECKOTO KaHajla BO3AYLIHOTO
MOTOKA,

- HeoOXOIMMOe TaBIIeHHE BO3yXa;

- IMaMeTp, YUCIIO U PACIIONIOKEHUE OTBEPCTHH [T BBIXO/A ra3a;

- He00XOMMOE JIaBJICHHE ra3a.
Pacxop raza onpenensiercs o gopmynam (1.1 wmm 1.2 unm 1.3).

Pacxox Bo3zmyxa B M%4 HeOOXOOMMOro Ul TOPEHHs Ta3a
ompeenseTcs

V=V, *a ¥V, (3.1)

Koaddumment n3bbiTka BO3AyXa TNpPUHHMAETCS B Ipejesiax
1,05-1,10.
[Inomanp ceueHus: OrHeBOro Kanaia (aMOpas3yphl) U €ro Tuamerp
B M ONPEAECISIIOTCS
_ VF * QH

=
36+q; 3.2)
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d - /4>r<f5
i a (3.3)

Tae (s - TCINIOBOC HANPSDKCHHME IIOICPEYHOIO CCYCHHS BBIXOJHOIO
OTBEPCTHUA OTHEBOI'O KaHaJIa.

2 1 4

Puc. 3. PacueTHas cxema TOpeJKy ¢ MPUHYIUTEIbHON moaavueit

Bo3ayxa: 1 - Kopryc ropenku; 2 - moABO BO3AyXa; 3 - Ta30BBIITYCKHbBIE

OTBepCTHS; 4 - Ta30BBIN KOJUIEKTOP; 5 - aMOpa3zypa.
Benuuuna 0 IpuHUMAaeTCcs B rpejenax ot 35x 10° 1o 40x 10° Br/m?,

JInsl TOBBIIIIEHHST MHTEHCHBHOCTH CMEIICHHS ra3a C BO3IYyXOM
BO3IYIIHBIA IMOTOK 3aKPy4YMBAIOT, YTO JOCTHIAETCSA YCTPOMCTBOM
YIUTKA WA TAHT€HIIHATBHBIM TT0IBOJIOM BO3/yXa.

CrernieHb  KPYTKH TIOTOKA  XapaKTEPU3YeTCsl  OTHOIICHHEM
TUIOIIAX BO3yXOIMOIBOJAIIEIO MarpyOka axb k KBaapary guaMeTpa
BhIXOAHOrO OoTBepcTus U5 Uem Menbmie Benmumna (axb)/ds? |, Tem
0oNbIlle MOMEHT BO3JYIIHOW CTPYHM OTHOCHTEIBHO OCH TOPEKH, a
CJIe/IOBATENIbHO, OOJbIIE 3aKPYYCHHOCTh BO3AYINHOrO moTtoka. C
YBEJIUUCHUEM CTETICHH KPYTKH YMEHBIIIACTCS JJTMHA (aKerna.

H_[I/IpI/IHy BO3AYXOIIOABOAAIICIO KaHala 0OBIYHO IIPUHUMAKOT

23




paBHOM JMaMeTpy OTHEBOIO KaHaia, a creneHb kpyTku - 0,35 - 0,40.
Torma BeICOTa BO3AyXOMOABOIAIICTO KaHaIa B M

a=2(0.35...0.40) *d (34)

Cpemuuii yros moabeMa Bo3ayxa Dep, IBIKYIIETOCS MO CIIUPAIIH,
Y TUTOIIA]IN TIOTIEPEYHOTO CEYCHHSI TOPENKHU NpU cTerneHu KpyTku 0,35 -
0,40 cocraBiser 35 °.

B 1ieHTpe mMOTOKa 3aKpyYCHHOTO BO3[yXa pAacIoNOKEHa 30Ha

00paTHBIX TOKOB. JlnaMeTp 30HBI OOPATHBIX TOKOB B M COCTABIISIET

dor =0,50+d; (3.5

CKopocTh BO3YIIHOIO NOTOKA, IBHKYILErOCs IO CIIUPAJIH, B M/C
B paboueii 30He ONpeesA0T 0 YPABHEHUIO
_ Ay #Vy o *V * Ts
3600+ (dsz - dO.T2 )* Sin(ﬁcp) 273

WB
(3.6)
CkopocTh BO3QyXa BO BXOJHOM TIaTpyOKe TOpENKH B M/C
HaXOANTCS U3 CIEAYIONIEeH 3aBHCUMOCTH
ay *Vg o ¥V « Ty
' 3600%axb 273 3.7)

rae T, - Temneparypa Bo3ayxa B °K.

N30eiTouHOE maBieHuWe Bo3ayxa mepex  ropenkoi B Ila

OIPEACIIAIOT U3 BbIPAKCHUS

2 2
P, =1.203 x| W54 (£ —1) M |, 273
2 2 |,

(3.8)

rae { - k03(Q(PUIMEHT MECTHOrO CONMPOTUBJICHHS TOPEJIKH IO
BO3JIYXY.

[Ipumepnoe 3nayenue C, I YIUTOYHOTO MOJBOJA BO3AYyXa H
crenieHu kpytku 0,35 cocrasnser 4,5 - 5,0.

[Tonepeynoe ceueHre ra30BOr0 KOJJIEKTOPA OMPEACIAIOT HCXOAS

n3 CKopocTH raza Wr = 15 - 20 m/c.
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VF

f=——l
3600w, 59

JuameTrp Tra30BBIX OTBEpPCTUH, MX UUCIO U JaBJIECHUE
paccUnTHIBAIOT U3

ycioBHs Hanbosee paBHOMEPHOTO pacHpesieNeHus CTpyi rasa mo
CEYEHMIO BO3AYIIHOTO IIOTOKA.

['myOuHO# TPOHMKHOBEHHsI CTPyM ra3a B IOTOK Bo3ayxa h
Ha3bIBAIOT PACCTOSIHUE OT IUIOCKOCTH BBIXOAA CIPYH 1O €€ OcH,
NpPUHSBIIEH HANpaBl€HHE MABIKEGHHS BO3IYIIHOrO moToka. EE

PacCcUUTHIBAIOT 10 (hopMyIIe

h=d, xk* L s [P xsin(a)
W V Ps (3.10)
rae do - Anamerp ra3oBBIX OTBEPCTHiA, M; K - OMBITHBIN KO3((HUIHEHT,
3aBHCSIINA OT OTHOCHUTEIBHOTO IIara MKy Ta30BBIMH OTBEPCTHSIMH
s/do; W, - cKOpoCThb HCTeueHHsI ra3a; W, - CKOPOCTh BO3IYIIHOTO
MIOTOKA; Pr M Py -IUIOTHOCTH T'a3a U BO3/IyXa IPU PabOYMX yCIOBHSX; O -

yroJ aTaky (yroy BCTPEYH Ta30BOTO M BO3IYIIHOTO TIOTOKOB).
3naueHus kodduipenta K npuseaeHs B mpui. 3.

N3 dopmynsr (3.10) crnenyer, 4TO TIyOMHAa MPOHMKHOBEHUS
CTpYyHY Ta3a MmpsiMO MPOTMOPIMOHATBHA JUAMETPY Ta30BOT0 OTBEPCTHSI.
Ecnmu oTBepcTHs pacmoniararoTcsi B OOLIEM KOJUJIEKTOPE, TO CKOPOCTh
WCTEUYCHHUs ra3a M3 HUX OyJeT OJMHaKoBa. B 3ToMm ciydae, cuuras
k03¢pdunueHT K MpUMEpHO MOCTOSHHBIM, IS PSIIOB OTBEPCTHH C

Pa3HbIMH TUAaMCTPAMU MOXXHO 3allMCaTh CICAYIOMIEE COOTHOILICHHUC:!

d, _h

_1

2 T (3.12)
Pacqu OTBepCTI/Iﬁ IJI BbIXOJA ra3a U3 KOJUICKTOpA IMPOU3BOIAAT

nu3 YCJ'IOBI/Iﬁ JKCJIATCJIBHOIO  pacCrpeacjiCHUA T'a30BbIX C’I’py171 B
BO3AYUIHOM TIIOTOKEC. HpI/IHI_II/IHBI, KOTOPBIMU PYKOBOACTBYIOTCA IIpHU

PaCIOJIOKEHUH U pacueTe CTPyH ClenyIoLue:
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- Ta30BBblE CTPYHM B IIOTOKE BO3[yXa JOJDKHBI PACIOJararbcs ¢
3a30paMu, He epeceKasiCh U He CIIUBAsCh;

- TIpU 3aKPYYECHHOM BO3AYIIHOM ITOTOKE, KOTOPBIH OTXKUMAeTCs
K mnepudepun, ra3oBble CTPYHKH CIEAyeT pacmojiaraTh B 30HE
OCHOBHOTO  pacxoja BO3[yXa, [PUMBIKAIOUNIEH K  HapyXHOU
MOBEPXHOCTH BO3AYIIHOTO KaHaja.

[onyunte ¢aken TpeOyemMoill XapaKTEpPUCTHKH MOXKHO MyTeM
BbIOOpa COOTBETCTBYIOLICH MHTEHCHBHOCTH 00pa3zoBaHusi cMecH. s
MOJIY4€HHUs] KOPOTKOTO M HECBETSIIErocs INIAMEHU CIIeAyeT IPUHUMATh
MEHBIINE TUaMeTpPbl CTPYH M pacrmoyiarate W3 Jajbllie 0T aMOpas3ypsl,
4TOOBI O0pa3oBaHWE CMECH OBLIO 3aBEPIICHO 1O BBHIXOIA CTPYM B
Tonky. Ecnu ctpyu OymyT O0NbIINX AMAMETPOB MPU MajoM MX 00IIeM
YHCciie, a BBIXOIHBIE OTBEPCTHS CTPYH OyIyT pacmoJOXKeHbl BOIU3U
amMOpa3ypbl, TO MPOLECC CMEIICHHUS MEPEMECTUTCSI B TONKY W TUIAMs
CTaHET BBITSIHYTHIM U CBETSIIAMCS.

Takum 00pa3om, cTeNeHb CMEIICHHS ra3a ¢ BO3AYXOM JI0 BBIXOAa
B TONKY B 3HAYMTEIBHOW Mepe 3aBHCHUT OT PACCTOSHHS MEKAY OCHIO
ra30BOr0 OTBEPCTHS U BHIXOJHBIM CEUYECHHEM aMOpa3yphl.

st Toro 4yToOBI 10 BXOAA B TONKY I'a30BbIe CTPYHKH OOJIBIIOTO
JUaMeTpa CMEIIAJINCh C BO3AYXOM TaK jK€, KaK M CTPYHKH Majoro
JUaMeTpa, CJIEAYeT BBIOMPATh PacCTOSHUS OT OCEH ra3oBbIX OTBEPCTUI
JI0 TOIIKY MPOMOPIMOHATIBHO JUaMETpaM OTBEPCTHH.

HduameTp cTpyH, NpUHSBILUI HalpaBlCHUE ABWXCHMS BO3IyXa,

Oyzer crneayromuii:
d.» =0,75*h
cre ! (3.12)
rie derp - TMaMETp CTPYH Ha pacCTOSTHUU N OT OTBEpCTHSL.

OTtBepcTusi B KOJUIEKTOpE OOBIYHO pacroiaraloT B JBa psna.
[namMerp nepBoro, cuuTas 110 HANPABJICHUIO JBKEHUS BO31yXa, psaa
OTBEPCTHA M WX JIUAMETPHl PACCUUTHIBAIOT TaK, YTOOBI CTPyH HE
IIEPECEKATIUCh W PABHOMEPHO pACIONArajuch B 30HE OCHOBHOTO
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pacxojia BO3IyILIHOIO II0TOKa. B 30HE 00paTHBIX TOKOB I'a30Bbl€ CTPYH
pacroJiaraTb HeJlb3sl.

[ITupuHa KOIBLEBON 30HBI, B KOTOPOM ABMXKETCS BO3LYILIHBIA
IIOTOK COCTABJISIET

A=1r,—r1, =r,—0.5*r, =0.5r, (3.13)

rIe Is - paguyc BO3AYIIHOTO KaHala, Tor - PaAWyC 30HBI
00paTHBIX TOKOB.

B 3T10i1 30HEe OCHOBHAsi Macca OTTECHEHa B 00JaCThb KOJIBIIEBOM
30HBI, IPUMBIKAIOIICH K HAPYKHOM IOBEPXHOCTH BO3YLIHOIO KaHala
Y UMeIoIlel IUPHUHY, paBHYIo puMepHo 0,5+A.

O6o03HauuM TrIyOWHY TPOHUKHOBEHHSI Ta30BOW CTpyH B

BO3JlyIIHBIN NIOTOK 10 HapyxHOMY KoHTYpy H. Torna

H=h#05%d., =1375%h (3.14)
I !
/ _Ii.,‘ H. Hs
ds du

Puc. 3.2. Cxema pacmonoxeHus: CTpyi B KPYTJIOH TOPENKE C
3aKpyYEHHBIM MTOTOKOM BO3TyXa
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B nmanpHeiimemM nmapaMeTpbl, OTHOCSIIUECS K CTPYHKaM, BBITCKAIOIIMM
U3 OTBEPCTHH OONBIIOrO aMaMerpa, 0003HaUuMM HHIEKcoM "O", a K
CTpyHKaMm, BBITEKAIOIINM U3 OTBEPCTUN Majoro auamerpa - "'m".

W3 ycnoBus, 4TOOBI CTPYH pacroyiarajiuch ¢ 3a30pOM U HE

CJIMBAJIMCh, MOKHO HAITUCATh CJIICAYIOIIUC COOTHOILICHUSA,

205% 4 a6k g
1375 (316)

H, =08%(H,; —d.,;,)=08%(1,375%h—0.75%h, )=0,18* 4
h, =013* 4

(3.17)
(3.18)

[IpuBenenHble 3HAYEHWS] MaTbHOOOWHOCTH CTPYH HMMEIOT
cpeaHee 3HadeHue. M3MeHsA MX B Ty WIM HHYIO CTOPOHY MOXKHO
YIPaBIsITh UHTCHCUBHOCTBIO CMece00pa3oBaHHs.

[Ipn ABYXpsIZHOM DAcCIIONIOKEHUH TI'a30BBITYCKHBIX OTBEPCTHH dYepe3
cTpyu OoJiblIero AuameTpa pekoMeHuayercs: noaasath 70 %, a depes
cTpyH MeHblIero quamerpa 30 % pacxona rasa.

Yucno oTBepCTHi B OAHOM PSIY B Ta30BOM KOJUIEKTOPE ONPENIENSIOT U3
YCIIOBUSL HECIUSHHUA CTPYH B BO3AYIIHOM IIOTOKE IOCJIE MX HOBOPOTA

10 HAIIPABJICHUIO JBM)KCHUSI CHOCSIIETO MOTOKA. JlmaMeTp cTpyu mocie

MMOBOPOTA B MPSMOI IMOTOK BO3yXa PaBEeH derr = 0,75+h a B
3aKPYYECHHBIN [TOTOK C YIJIOM TIoxbeMa Pep
_0,75*h
CTP — =
sin(Bc) (3.19)

MakcuManbHBIA Iar MCKAY OTBCPCTUAMU S JOJIKCH OBITh

0OJIBIIIE ATOTO AnamMeTpa, T.C.

0.75+*h
S-—F—
sin(Bc) (3.20)
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YHucno ra3zoBeIX CTpyi

T (d5 —2% h)
S (3.21)
JlraMeTp Ta30BBIMTYCKHBIX OTBEPCTHI B M OMpEEseTCs 1o GopmMylie
g, *V
d, =0.9xk = L r « |Pr
3600*n=*h=*w, Py (3.22)
p,
& = FZ
1 (3.23)
o, = 273
y = —
Ty (3.24)
CkopocTh rasa B ra30BbITYCKHBIX OTBEPCTHSIX
ompezenseTcs 1mo Gpopmyie
g, ¥V
w,. =0,9* f—rz
3600*n=*d, (3.25)
Ona j1oJpKHa OBITH OOJIBIIIE, YEM OIPE/IeIICHHAs 110 (hopMyJie
W, =W, * P
Pr (3.26)

ryie Wg - CKOPOCTh BO3/IyXa, OTHECEHHAS K IMJIMHIAPHIECKOMY
CEUEHMIO OTHEBOT'O KaHama, M/C.

Vv

Wy =——>—
360+ f; (3.27)

HOTCpI/I OaBJICHHUS Ta3a B TI'a30BOM KOJ'IJ'IGKTOpe B Ha
HaxXoOsaTCs U3 BBIpa)KeHI/IH
2
1 w
* I

T .2
£, * U 2

Pk *Pr
(3.28)

roe °r - KO3 (UIIMEHT, YYUTHIBAIONINI paclIupeHre Tasza
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NPYU WUCTCUCHUH W3 OTBEPCTHH; M - KOA(P(OUIMEHT pacxoja ra3oBbIX

OTBEPCTHUI.

3navenne kodhdurmeHTa P HaxomuTCA N3 BBIPKCHHS
k-1
P. | %
1—| -2
k P, P.
1 % 2

*

T k-1 P,

Ep
(3.29)

3uauenye Kod>(pQUIHEHTAa pacxofa 3aBUCUT OT OTHOIIEHHUS
TONIIMHBl CTEHKH TPYObl K [OMAMETPy JaHHOTO OTBepCTUs. Ero

3HaueHue B cpenHeM coctasisiet 0,65 - 0,70.
BenuurHa moTeps JaBlieHUsT B Ta30BOM KOJUIGKTOpPE HE JOJDKHA
NIPEBBINIATh BETMYMHBI TABJICHHSI ra3a Tepel ropenkoil. B mpotuBHOM
clydae JaBJCHUE rasa Tepell TOPENKOW YBEIHYMBAIOT MYTEM MU
IIOBBIIICHHUA JaBJICHHUA Ta3a B CCTH, J'II/I6O YBCHI/ILICHI/ICM ILI/IaMeTpOB
ra3onpoBOJIOB, TOJABOASAIIMX ra3 K ropelke.

Ipumep 3. Ompenenantb OCHOBHBIE pPa3Mephl TOPENKH C
IIPUHYUTENBHOW IOJaYe€il BO3/lyXa, YCTAHOBIECHHOW Ha BOJOIPEHHOM
KOTIIe TemioBod wMomHocThio 1,5 MBt. KIIJ| kotima - 85 %.
N36wiTouHOE naBnenue raza nepen ropenkoi 4 xlla. CocraB razoBoro

TOIUIMBA AHAJIOTUYEH NPUHATOMY B ipumepe 1.
Pacxon raza ropenkoii onpenensercs no ¢popmyse (1.1)
3600 *1500
= =177,951° Iy
35700,7 *1+0,85
Pacxon Boszmyxa omnpenensiercs o gopmyiie (3.1)

V, =177,95%1,05%9,496 =1774,301° / u

HJ'IOI]_Ia,I[B CCUCHUS U TUAMCTP OTHEBOI'O KaHaJIa ONPEACIACTCA

no ¢popmynam (3.2 u 3.3)
~ 177.95%35700.7

.= =0.051w°
3.6 35000000

d, = [2005L o,
3.14

[IuprHa BO3AYIIHOTO KaHaa
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b=d, =0.255u
Bricota Bo3ayIHOTO KaHaa onpenensercs mo gopmye (3.4)

a=0.40%0.255=0.102m

JuameTtp 30HBI OOpaTHBIX TOKOB HaXOAATCS U3 BhIpaxkeHus (3.5)
d,, =0,50%0,255 = 0128
CKopocCTh BO3AYIIHOTO MOTOKA, IBHXKYLIETrOoCs MO CIUpPAH, B

paboueii 30He ONpPEeCIISIOT N0 ypaBHEHUIO (3.0)

4%1,05%9,496 *177,95 273+ 20
W, = 5 A ¥ =24.135m/c
3600+3,14#(0,255? —0,128% )+sin(35°) 273

CKopocTh BO3/yXa, IBHXKYIIETOCS BO BXOJHOM MaTpyOKe

TOpEeNIKU HaXoAAT U3 BelpaxkeHus (3.7)

W - 105%9.496+177.95 273+ 20
' 3600%0.102%0.255 273

N3beiTouHOE maBieHme Bo3Ayxa Tmepen ropenkoi B Ila
ompenensoT 1o ¢opmyne (3.8) mpm 3HaUYeHWH KOIPPUIMEHTA
MECTHOT'O COIPOTHUBIIEHUS paBHOM 5,0.
24,1352+( 20,3377 . 273

2 2 273+ 20

=20.337um/c

=1347,42611a

P, =1,293 5-1)x

[lonepeuHoe CeueHne Ta30BOro0 KOJUIEKTOPA B M2 ONPEIENSIOT
o ¢gopmyie (3.9) ucxons U3 peKOMEHyeMOU CKopocTu Traza W = 15

Mm/c.

f, = 17795 0.0033x°

* 3600%15
IuprHa KONIBLIEBOI 30HBI, B KOTOPOM ABMXKETCS BO3AYIIHBIN
MIOTOK, ompenesieTcs u3 Beipaxenus (3.13)
A=0,5* @ =0,064m
2
s yiydineHust CMELIeHHUS Ta3a ¢ BO3LyXOM ra30BbIITYCKHBIE

OTBEpPCTUA B TOPCJIKE pacriojaracMm B 2 pdaa, OpuieM OTBCPCTHUA
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OoJpIIero AWaMeTpa pacrojiaraéM Jajbllieé OT BBIXOJHOTO CEeYeHUS
TOpEJIKY, YeM OTBEpPCTHsI MEHbIIero Auamerpa. Ilpu atom npuHuMaeM,
4TO uepe3 cTpyH Oonblero auamerpa moaaetca 70 %, a yepe3 cTpyu
MeHblero auametpa 30 % pacxoja rasa.

[IpousBoaumM pacyer OTBepCTUi OoJbliero auamerpa. M3 BrIpaskeHUi
(3.15 m 3.16) HaxoguM TpaHUIy MaKCHUMaJbHOTO MPOHUKHOBEHUS
CTpYH B TIOTOK Bo3ayxa Hg u paccrosinue 1o ocu ctpyu hg

H, =0,5%0,064 = 0,032m

h, = 0,360,064 = 0,023 m

MakcuMallbHBIH IIar MEXIy OTBEPCTHUSIMU HaXxouM 13 ycioBus (3.20)

S=0.75* _0'023 =0.030m
sin(35°)
Yucio oTBEpCTHH IS BBIXOZA T'a30BbIX CTPYH ONPEIEISIETCS
o popmyne (3.21)
_ 314%(0,255-2%0,023)
b 0,030

[Ipunumaem 22 oTBepcTHs.

=219

&t

3naueHue kodhuiueHTa onpeaensercs 1o Gopmyne (3.23)

a7,
g = (ﬂj ~0.991
101300 + 4000
ITnoTHOCTE BO3MyXa mipu TemmepaType T, Haxoautes 1o (3.24)
pp =1,293* i =1,205x2/ m°
273+ 20

3amaeMcsi OTHOCHUTEIIbHBIM Iarom otBepctuil s/dos = 8- Ilo
npuiL. 3 omnpenenseM 3HadeHne Kodhdurmenta K = 1,7 u paccuntsiBaeM
JMaMeTp Ta30BBITYCKHBIX OTBepcThi 1o (opmyne (3.22), yduuThiBasi,

YTO 4epes3 3T orBepcTHs nmopaercs 70 % raza
d,, =09+17x 0,991x0,7 %177,95 . 0,757 — 0,0034x
3600 220,023+ 24,135 1\ 1,205
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HpOBepﬂCM BCJIMYUHY OTHOCUTCIIBHOI'O IIara

0,030 _g82
0,0034

TloBTOpsiem pacuer, 3agaeMcid BEJIMYMHOM OTHOCHUTEIBHOIO
mrara S/dos= 8,8. ITo mpmit. 3 BennumHa kosddunnenra K = 1,72,
d,, =09%172+ 0,991+0,7 177,95 . 0,757 — 0,0034
3600 * 22 % 0,023 % 24,135 1,205

Bemnunna s/do = 8,82. Ilpunsrtas BenmuumHa S/dop paBHa
MIOJIy4EHHOM.

CyMmMapHasi MJIoma b Ta30BBITYCKHBIX OTBEPCTUH OONBIIETO

JMaMeTpa COCTABJISET
2 2
Z(fos): n, *% - 22*w — 0,000200.1:2

CKOpOCTb ra3a B ra3oBBIIYCKHBIX OTBEPCTHAX ONpPENEIIseTCs

o popmymne (3.25)

. 0,991=0,7%177,95
3600 * 22 * 0,0034°

MuHnmasnbHas A0onmyCcTuMasa CKOPOCTb ra3da B I'a30BBIITYCKHBIX

w,. =09 =121347mlc

OTBEpCTHSIX ompenensercs nmo ¢opmyie (3.26) ¢ ydetom (opmyIbl
(3.27)
1774,30
Wy=—'
3600 * 0,051

W, = 9.664% =202 _ 15383,/
0.757

=9,664m/c

®dakTryueckasi CKOPOCTh Ta3a B Ta30BBIMYCKHBIX OTBEPCTHUSIX
OOJTBIIIETO AUaMETpa MPEBhINIAeT MUHUMAIILHYIO JOIyCTUMYH0. Pacder
OTBEpCTHH OOJBIIETO JMaMeTpa 3aKOHYEH.
[IpousBoauM pacyuer OTBEPCTHl MEHbIIETO auameTrpa. M3 BblpaxeHui
(3.15 m 3.16) HaxoguMm TpaHUIy MaKCHUMAaJIbHOTO IPOHUKHOBEHUS

CTPYH B MOTOK Bo3ayxa Hy ¥ paccrosiaue 10 ocu ctpy hy

33



h,, =0.13+0.064 = 0.008m
MakcrManbHBIHN mar MeX, Iy OTBEepCTHSIME HaxoauM nu3 ycioBus (3.20)

g 0.7-5*0.008 — 0.010x
sin(35°
Yucno oTBepcTHil Il BbIXOAA Ta30BBIX CTPYH oOIpenensercs Mo
dopmyne (3.21)
_3.13%(0.255-2%0.008)
v 0.010

IIpunumaeM 75 oTBEpCTHA.

=75.05

3amaeMcsi OTHOCHTEIBHBIM ImaroM oTBepcTuil s/don = 8. Ilo
npui. 3 onpexaersieMm 3HaueHHe kodhdunmenta k = 1,7 u paccuutpiBaeM
JUaMeTp Ta30BBIMTYCKHBIX OTBepcTHU 1Mo (hopmyne (3.22), yuuThiBasd,
YTO uepes 3Tu oTBepeTHs nogaercs 30 % raza

d,, —09%17x 0.991%0.3%177.95 . [0.757 — 0.00121
3600 75*0.008%24.135 V1.205

[IpoBepsiem BenMUYHHY OTHOCUTENHHOTO II1ara
0,010
== _-833
0,0012
[Toy4yeHHas BeTMUMHA OTHOCUTEIHHOTO mIara OJu3Ka K 3aJJaHHOM.
CyMMapHas IJIOMab Ta30BBITYCKHBIX OTBEPCTHI MEHBIIIETO

AraMeTpa COCTABIIACT
2 2
3t )=, o ) g5, 314200012 _ 5005,

CKOpOCTB ra3a B T'a30BBIITYCKHBIX OTBEPCTUAX OINPCACIIACTCA
o popmyie (3.25)
0.991%0,3%177,95
W, =0,9* 5
360075+ 0,0012

dakruyeckas CKOpPOCThb ra3a B T'da30BbIIIYCKHBIX OTBCPCTHUAX

=122,46m/c

MCHBIICTO AUAaMETpa MPECBLIIITACT MUHUMAJIBbHYIO JOIIYCTUMYIO. Pacuer

OTBepCTI/Iﬁ MCHBIICTO JUAMETPAa 3aKOHYCH.
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Omnpenensiercst 3HaueHue ko3 punmenra ep o Gopmyne (3.29)

101300 s

101300 + 4000 101300
£ = . ~0.976
f 101300 101300+ 4000
101300 + 4000

[ToTepn naBieHus Ta3a B Ta30BOM KOJUIEKTOpE HAXOISTCS M3
BeIpaxkeHus (3.28) mpu 3HaueHum ko3dduimeHTa pacxona, paBHOM
0,65. BennumHa CKOpPOCTH NpHHUMAETCS OOJBIICH M3 IMOTYyYSHHBIX

3HAYCHHUI JJIsL OTBCpCTI/Iﬁ OOJIBIIIETO U MEHBIIIETO AnaMceTpa.

poo_ L 122462 057 137650517
0976%0,652 2

Bemnunna IOTEPL [JaBJICHHSA Ta3a B T'a30BOM KOJUJIEKTOPE

TOPEJIKM MPEBBIIACT JaBJICHUE Ta3a mepen ropenkoil. CienoBarenbHoO,
perymsarop nasneHus B ['PY momkeH OBITh OTperyqHMpOBaH Ha TaKoe
JIaBJICHHE, YTOOBI C y4eTOM IIOTEeph JaBJICHUS ra3a B ceTd oT I'PY mo

ropenku obecreunBanoch pacueTnoe nasienne 13765,05 Ila.

CymMmapHas IJIOIIAb ra30BbIITyCKHBIX OTBEPCTUI
COCTAaBJISIET

37(S0) = 3 (Sus) + (o) = 0,000200 +0,000085 = 0,000285:

4. IIEPECYET T'OPEJIOK TP U3SMEHEHNU XAPAKTEPUCTHUK
I'A3A

[lpu npoeKTHPOBaHUM W IKCIUTyaTAlUU Ta30MOTPEOJISIONTINX
YCTAaHOBOK 4YacTO BO3HHMKACT HEOOXOJUMOCTh JIMOO H3MEHEHUS
PSKMMHBIX HapaMETPOB Pa0OThl Ta30BBIX TOPEIOK MO0 HM3MEHEHUS
HEKOTOPBIX DJIEMEHTOB MX KOHCTPYKITHA.

Takas HEOOXOAMMOCTh 4Yallle BCErO0 BO3HUKAeT U3-3a
M3MEHEHUs COCTaBa rasa, YTO BBI3bIBACT MU3MEHEHHE €ro IUIOTHOCTU U
HU3IIEH TeIUIoThl cropaHus. lIpw 3TOM OCHOBHBIM TpeOOBaHUEM

SABJIACTCA COXPaHCHUC TEILJIOBOM MOIIMHOCTH YCTAHOBKHU.
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Ha stane mpoekTupoBaHUS COXPAaHUTH TEIUIOBYIO MOIIHOCTH
arperara BO3MOXXHO 0€3 TIEpeJeNIKH KOHCTPYKTHUBHBIX 3JICMCHTOB
ropenku. JJs 3TOro AOCTaTOYHO M3MEHUTH JABJICHHUE raza U BO3AyXa
nepe]l TOPEIKOu.

Benuuvnna paBneHust rasa, HUMEIONIETO  XapaKTEPUCTUKHU
OTJINYHBIE OT PACUYECTHBIX, MPU KOTOPOM TEILIOBAsE MOITHOCTh TOPEIKU

OCTaHeTCsl HeM3MEHHOM onpeienseTcs no popmye

. 2
P. =P *’D_r* Q_H
e Qy
r = (4.7)
Benu4uHBI cO IITPUXOM OTHOCSTCA K N3MEHEHHOMY COCTABY Tasa.

Jns ropenok ¢ NpHHYAMTENBHOM IOAAYEed BO3JAyXa TaKKe
MIPUXOJIUTCS U3MEHATh U AABIECHUE BO3JyXa Iepes TOpPENKor, KOTOpoe
ompezenseTcs 1mo Gpopmyie
Qu *ay *Vy,

Qu *ay *Vy, (4.2)

IIpu 3kcmmyaTanuy CyIIECTBYIOIIMX YCTAHOBOK HJIM HEBO3MOXKHOCTHU
WU3MEHEHHUs JaBJICHUS ra3a W BO3JyXa MOXKHO H3MEHUTHh JHAMETpPbI
ra30BBITYCKHBIX OTBEPCTHUI.

J71s1 9’)KeKITMOHHBIX TOPEIOK HETOTHOTO MPEABAPUTEILHOTO CMEIICHHS
HOBBII JIMaMETp COTLIa ompeensercs mo Gopmye

P

B

':PB*

(4.3)
I[J'ISI 9KCKIMOHHBIX TOPCJIOK IMOJHOI0 IMPEeABAPUTCIIEHOIO

CMeEIlIeHHS HOBBIH JINaMETP COIIIa ONpeesieTcs mo Gopmyie

Pr
Pr
P
Pr

@+ ay *V, ) * [ 1+ a, %V, , *

d,=d, =
(1+a1' *VB.OI)* 1+a, *V,, *

(4.4)
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Jns ropeniok ¢ MpUHYJIUTENbHOW Mojlaveld BO3ayXa IUIOIalb
Ta30BBIMYCKHBIX ~ OTBEPCTHUH MpPH  HM3MEHEHHOM COCTaBe Tasa

OIpeENsIeTcs
2fo =2t Q_H
Qu (4.5)

I[I/IaMeTp Ta30BBIITYCKHBIX OTBepCTI/Iﬁ HaXOOWUTCA U3 BIPAXKCHUA

i FENA
"V zxn (4.6)

IIpumep 4. IlepecunTaTh ropenku U3 NpuMepos 1, 2, 1 3 1Ist CKUTAHUSA
HCKYCCTBEHHOT'O Tra3a CJIEAYIOUIEro CocTaBa: Boaopona - 59 %, meraH -
24 %, stan -1,5 %, npomnan - 0,5 %, yraepona okcun - 8 %, yriepoaa

nuokcun - 2,4 %, kuciopon - 0,6 %, azor - 4 %.
IInoTHOCTE T'a3a cOCTaBIsAET

pr =0,59%0,08999 + 0,24+ 0,7168 + 0,015 %1,3566 + 0,005 * 2,019 +
+0,08 1,25+ 0,024 %1,9768 + 0,005 * 1,429 + 0,04 *1,2505 = 0,462x2/ m°

Huzmas tennora CropaHus ra3a COCTaBJIACT

Q,, =0,59%10800 + 0,24 = 35840 + 0,015 * 63730 +
+0,005 % 93370 + 0,08 *12640 = 17407,6xJoc! m°

KonmdectBo  kmcmopoda, TEOpEeTHYECKH HEoOXomumoe s
CKHI'aHUS ra3a, COCTABISET 2 3
Vi =05% 0,08+05%0,59+2%0,24 +35%0,015+5%0,005— 0,006 = 0,88651° /
KonmudecTBo Bo3/1yxa, TEOPETUUECKHA HEOOXOAMMOE JUIsl COKUTAHUS Ta3a,
COCTaBIISIET s 3
V,, =4,76%0,8865 = 4,220m° | m
[Ipu HEeM3MeHHBIX pa3Mepax TOPENOK JaBJICHUE Ta3a Iepe
TOpeTKaMH B COOTBETCTBHUH ¢ (popMyitoit (4.1) JOHKHO COCTABIISTH:
- 1epex 3KEKLUOHHON rOpEeIKoin HEIOJIHOTO

MMPEABAPUTEIILHOTO CMEIICHU A
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2
P, =1000* 0462 (35700.7 _ o564 75714
0.757 \17407.6
- mepen IKEKIIUOHHOHN rOpeIKOi MOJIHOTO
MMPEABAPUTECIBLHOIO CMEIICHU A
2
P — 65+ 0.462  (35700.7\" _ ocn
0.757 \17407.6
- Iepes ropeKoi ¢ MPUHYIUTEIbHOMN MoJa4el Bo3ayXxa
2
P. =13765,0x* 0.462 , (35700.7) _ 35303174
0.757 \17407.6

JaBneHue Bo3oyxa meped TOPENKOd ¢ MNPUHYIUTEIbHOU
nmojavyeil Bo3ayxa Mpu HEU3MEHHOM 3HAYCHUHU KO3 UIeHTa H30bITKa
BO31yxa, paBHOM 1,02 onpenensercs mo Gopmyiie (4.2)

35700.7 %1.02 % 4.220
17407.6%1.02 +9.496

HpI/I HCM3MCHHOM [OaBJICHHMU Tas3a JUaMETp COoIlila 3KCKIHWOHHBIX

2
pB' =1347.426 * ( j =1119.24271a

TOpECJIOK OMPECACIACTCA:

JUISL TOPEJIOK HETOJIHOTO MPEIBAPUTEIBHOIO CMEHICHHS 10
dopmye (4.3)

d, =0.0052 *\/

35700.7 . 0.462
17407.6 V0.757

IJid  TOpPEJIOK IIOJTHOTO IPEABAPUTECIBHOTO CMCHICHHA IIPpU

=0.0066.m

HEM3MEHHOM Kod3¢duurenre u30bITKa Bo3ayxa, paBHoM 1,02 mo

bopmyie
(4.4)
(1+1.02#9.496) {1“_02 0 496 % (éigi ﬂ
d, =0.01148= : —0.01889.

(L+1.02+4.220)#| 1+1.02+ 4220+ 2%
0.462

CYMMapHaH miom@anab Ta30BBIMTYCKHBIX OTBepCTI/Iﬁ B TOpCJIKE C
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NPUHYIUTEIBFHOH Moayei Bo3ayxa onpeaensercs no gpopmyoe (4.5)

3 f, =0.000285* 35700'; ~0.000585.:2

[IpomopioHanbHO  U3MEHEHUI0O CYMMapHOW  ILIOIIaIu
ra30BBITYCKHBIX OTBEPCTUH WU3MEHSEM IUIOIIATU OTBEPCTHH OOJBINIErO
Y MEHBIIIETO ANaMEeTpa.

CymMmapHasi miomaab Ta30BBITYCKHBIX OTBEPCTHI OONBIIETO
JInaMeTpa COCTaBIIsET

2.(fos) 0.000200 )
f =0.000585* —————— =0.000411u
2(fos) =2 (fo) S (fo) 0.000285

CyMmMmapHas IJIOLIAb ra30BbINTYCKHBIX OTBEPCTU
MEHBIIETO JUaMEeTpa COCTaBIISET

2(fou) 0,000085 ,
f — 0,000585 * — 0,000174
2 (fou)=2(fo)* S(f) 0,000285 "

Huametpsr oTBepcTuii ompenenstorcss 1no (opmyne (4.6).

JuameTp OONBIINX OTBEPCTHH COCTABIISET

d, = |2X00004L_ 4544,
3.14%22

I[I/IaMeTp MCHBIIINUX OTBepCTI/Iﬁ COCTaBJIACT

d, = /M =0.0017nm
3.14%75
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[Tpunoxenue 1

3HaueHUs KOS(l)(bI/IHI/IeHTa pacxoaa oy pa3jIndHbIX (bOpM COIICII

IUr

wJ-

Puc. 1.2. ®opmel conen 3KEKIMOHHBIX TOPEIOK

a - OWIMHJIPUYECKOE COIUIO C OCTPHIMH KpasiMH B TOHKOM
CTeHKE; 0 - MUIMHAPHUYECKOE COTUIO C 3aKPYTIECHHBIMHI H3HYTPH KpasiMu
B TOHKOH CTEHKE; B - KOHHYECKOE COIUIO; KOHHYECKOE COIUIO C

MUIMHAPUYICCKUM KaHaJIOM.
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N Anaekc popmel conna | KeaddgmupmeHT pacxoga,
n/n m
1 2 3
1 a 0,60 -065
2 6 Q.70-0,75
3 B
ZB=15 o 0,80
ZB =730 o 0,85
Zp=45° 0,82
4 r
ZB=90°
hid; = 0,18 0,75
lidy = 0,45 0,85
Iidy = 1,00 0,85
I4ds = 2,00 0,84

IIpunoxenue 2

3navenuss KoddpduipienTa K B 3aBHCHMOCTH OT BHIa rasa u

ko3 durmenTa n30pITKA TEPBUYHOTO BO3yXa

N KoabduMerT!  nounonmeil | CxvkenHbii | Kokcobii ras
nin w3eitka ' It?.’:!?. ras

| nepemuHoro

BO3RYXA

1 2 3 4 5
1 02 - - 0,85
2 93 0,85 - 0,80
3 04 0,70 1,10 0.50
4 0,5 . 0,60 0,90 0,38
5 Q6 i 4,50 0,80 0,30
6 0,7 0,40 065 0,24
7 08 0,32 0,50 0,20
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[Ipunoxxenue 3
3unadyenus KodpuimenTa K st Topenok ¢ MpUHYIUTENBHOM moaaueit
BO3/yXa

OTHOCKTENBHBIA LT 4 5 8 10 15 16 @
s/do
Koadpdpuupent k 1.6 16 {17 175 |19 19 22
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